I N T R O D U C T I O N
The Pacific sharpnose shark Rhizoprionodon longurio (Jordan & Gilbert, 1842 ) is a small coastal species that lives over soft muddy and sandy bottoms of the continental shelf of the eastern tropical Pacific (from California, USA, through Central America, to Peru in South America). This shark can be found from the intertidal zone to at least 27 m depth (Compagno, 1990) . The size at birth varies between 30 and 37 cm total length (TL); the maximum TL reported in Mexico is 120 cm (Márquez-Farías et al., 2005) . Males mature at 93 cm TL and females at 83 cm TL. Females produce between one and 12 embryos, with an average of 7.4 pups per litter (Springer 1964 , Compagno 1984 , Bizzarro et al., 2000 .
This species is caught in artisanal fisheries in the Mexican Pacific (Castillo-Géniz, 1990; Márquez-Farías et al., 2005) . It has been reported in the Gulf of California along the coasts of Sinaloa and Sonora during winter (January, February) and spring (March, April, May) , and probably moves to deeper waters in the Gulf of California during summer and fall (Kato and Hernández, 1967; Márquez-Farías et al., 2005) .
R. longurio is one of the most abundant coastal sharks in the southern Gulf of California (Bizzarro et al., 2000) , where 91% of shark catches consist of Mustelus henlei (Gill, 1863), Sphyrna lewini (Griffith & Smith, 1834) and R. longurio (Castillo-Géniz, 1992) . In the Mazatlan area this shark species constitutes 45% of shark artisanal fisheries (Castillo-Géniz, 1992) . However, there is evidence of declines in some artisanal fishery landings of this species, and further investigation is required to determine the impact of fisheries on this species throughout its distribution range (Smith et al., 2009) .
A moratorium on elasmobranch fishing permits in Mexico has been issued (NOM-029-PESC-2006) ; there is to be no increase in the total allowable catch of sharks and rays, protection of breeding and birthing areas in the Mexican Pacific, establishment of closed seasons, and special protection for shark species considered at risk (Castillo-Géniz, 1990) . However, there is insufficient information available to include R. longurio in the IUCN (International Union for the Conservation of Nature) list of endangered species, since this species is classified as Data Deficient at present (Smith et al., 2009) .
Diet analysis is one aspect of elasmobranch management that provides biological information that can help determine the interactions between species and their environment. The food types that comprise the diet can be determined directly from stomach content studies, and the amount, frequency and biomass of prey ingested by the consumer at different times of year (Escobar-Sanchez et al., 2010) , which can influence the abundance and distribution of sharks, can also be determined with these analyses (Castillo-Géniz, 1992) .
Only one previous study was carried out on the diet of R. longurio; it was reported that the diet was dominated by fishes (Clupeidae, Muraenidae, Triglidae, Sphyraenidae and Ophichthidae), and also included some cephalopods (e.g. Loliolopsis diomedeae) and crustaceans, representing an opportunistic feeding behaviour (Márquez-Farías et al., 2005) . This study, however, included a high number of unidentified fishes, and no information was given on possible differences in prey consumed by sharks of different sex and maturity stages.
It has been reported that R. longurio segregates by sex and size in the Gulf of California (Castillo-Géniz, 1990 ), which could result in different prey being consumed by sharks of different sex and maturity stages. Differences in the diet of these different groups could be indicative of a disparate use of resources in different habitats (epipelagic, mesopelagic or bathypelagic), and could help detect feeding areas in the Mexican Pacific.
In this context, this study aimed to (1) identify the diet of R. longurio from stomach content analysis and (2) to detect possible intraspecific (sex and/or size) differences in diet between fishing periods, allowing us to determine the trophic relationships of this predator in the food chain of the Gulf of California, and provide basic biological information about an important shark species for Mexican artisanal fisheries.
M A T E R I A L A N D M E T H O D S
Sharks were sampled monthly from landings in the Mazatlan area (period II). Each shark was identified, the total body length in cm (TL) was measured, and sex was determined. Stomachs were removed and kept frozen (2208C) until further analysis at the fish laboratory at the Centro Interdisciplinario de Ciencias Marinas (CICIMAR) in La Paz, Baja California Sur.
In the laboratory, stomachs were thawed and the percentage stomach fullness was determined according to Stillwell and Kohler (1982) , where 0 ¼ empty, 1 ¼ 1-25% fullness, 2 ¼ 26 -50% fullness, 3 ¼ 51-75% fullness, and 4 ¼ 76-100% fullness. Four digestion states were identified according to Galván-Magaña (1988) ; prey items were identified to the lowest possible taxonomic level, and different identification keys were used for each digestion state.
Digestion state 1 included recently consumed items; keys by Allen and Robertson (1994) and Fischer et al. (1995) were used for prey identification. Digestion state 2 included food items with little to no skin remaining, but still containing muscle; digestion state 3 included fish skeletons. For digestion states 2 and 3, we used taxonomic keys based on vertebrae characteristics, such as number of vertebrae, position, and form (Clothier, 1950) . We also compared diet items with complete skeletons of organisms captured in the area. Digestion state 4 was characterized by hard structures such as fish otoliths, crustacean remains, and cephalopod beaks; the keys by Brusca (1980) , Wolff (1984) , and Clarke (1986) were used for identification.
Once the stomach contents were identified, we determined whether the number of stomachs analysed was adequate to represent the trophic spectrum of R. longurio. Cumulative prey curves (Ferry & Cailliet, 1996) were created with the EstimateS program (Colwell, 2006) . The coefficient of variation was calculated as an indicator of diet variability. For this study, if the coefficient of variation was below 0.05 the trophic spectrum was considered to be adequately represented (Steel & Torrie, 1992) . Diversity was also plotted vs. the number of stomachs analysed.
The index of relative importance (IRI) was calculated with the formula IRI ¼ (%N + %W) × (%F), where %N is the number and %W is the wet weight of each food item, expressed as the percentage of the total values of these variables found for all prey items in the stomach contents, and %F is the percentage frequency of occurrence of each food item (presence -absence) in all stomachs that contained food, as described by Pinkas et al. (1971) , and subsequently modified as a percentage by Cortés (1997) . To detect intraspecific variation, the data were sorted by sex and maturity stage (83 cm of TL for females and 93 cm of TL for males; Castillo-Géniz, 1990) during each fishing period.
An analysis of similarity was done to evaluate the differences within and between each category (sex, maturity stage and fishing period), using permutation-randomization methods (1000 permutations) in the similarity matrix (ANOSIM, PRIMER 6 v.6.1.6). The global rank dissimilarity R (0 ≤ R ≤ 1) is a useful comparative measure of degree of separation (it uses Bray -Curtis as a measure of similarity). When R is near zero, H o Q2 cannot be rejected; i.e., there is no separation between groups. ANOSIM values between 0.2 and 1 indicate that the null hypothesis can be rejected, and organisms probably do not have the exact same diet (Clarke & Warwick, 2001 ). The P value tests the significance of the R value. Essentially the samples are randomly assigned to groups 1000 times, and R is calculated for each permutation. The observed value of R is then compared against the random distribution to determine if it is significantly different from that which could occur at random. If the value of R is significant, we can conclude that there is evidence that the samples within groups are more similar than would be expected by random chance (Clarke & Warwick, 2001) .
The Shannon-Wiener diversity index, based on the abundance of all prey items, was used to calculate diversity (Pielou, 1975) . To evaluate the diet breadth of R. longurio we used Levińs standardized index, 'Bi' (Krebs, 1999) , which ranges from 0 to 1, with low values (,0.6) indicating a diet dominated by few prey items (specialist predator), and higher values (.0.6) indicating a generalist predator (Labropoulou & Eleftheriou, 1997) . We also calculated the trophic position (TP) based on stomach contents, with the equation proposed by Christensen and Pauly (1992) , then calculated the mean and standard deviation (SD) to represent the variability of those individual values as:
where DC ji is the diet composition in weight, in terms of prey proportion (i) in the predatoŕs diet ( j), TP is the trophic position of the prey species (i) and n is the number of prey groups in the diet.
The TP for fish prey species were obtained from Fishbase (Froese & Pauly, 2003) , and those for cephalopods and crustaceans were obtained from Cortés (1999) .
R E S U L T S
A total of 98 organisms were sampled, ranging from 47 to 170 cm TL, with a mean size of 92.1 cm (22.4 SD). Females measured 61 to 170 cm TL with a mean size of 96.2 cm (22.7 SD); whereas males ranged from 47 to 160 cm (TL), with a mean size of 88.7 cm (SD ¼ 21.6). Of the total R. longurio samples (40 during fishing period I and 58 during fishing period II), 63 stomachs (64%) contained food and 35 (36%) were empty. In both periods, the largest number of samples was obtained in February (24 with food, 15 empty) and December (15 with food, 7 empty).
Fifty-five percent of stomachs were in stomach-fullness category 1; 28% were in category 2; 6% were in category 3; and 10% were in category 4 (Figure 2A ). Seven prey items were in digestion state 1; 21 prey items were in state 2; 39 prey items were in state 3, and 44 prey items were in state 4 ( Figure 2B ). In general, the prey species accumulation curve showed that a sufficient number of stomachs was analysed to adequately characterize the diet of R. longurio (Figure 3 ). The coefficient of variation (CV) in all categories for both fishing periods was ,0.05 (Table 1) .
The trophic spectrum was composed of four cephalopod species belonging to four families, three crustacean species from three families, and 13 fish species from 10 families. According to the index of relative importance (%IRI), Echiophis brunneus (Castro-Aguirre & Suárez de los Cobos, 1983) (14.4%), Opisthopterus dovii (Günther, 1868) (12.2%), Scomber japonicus (Houttuyn, 1782) (9.6%) and Achirus mazatlanus (Steindachner, 1869) (7.1%) were the most important components in the diet (Table 2) .
The ANOSIM test indicated that diet composition was similar between male and female juveniles (R ¼ 0.04, p ¼ 0.01), and between male and female adults (R ¼ 0.01, p ¼ 0.01). These categories were therefore combined to compare the diet similarity between adults and juveniles. The ANOSIM showed high similarity between adults and juveniles (R ¼ 0.02, p ¼ 0.02), and differences between the two fishing periods (R ¼ 0.23, p ¼ 0.01; Figure 4) . Diversity values (H ′ ) of juvenile males were lower during fishing period I and increased during fishing period II, other shark categories had high H ′ values during both fishing periods. Diet breadth values (Bi) were .0.6 for all shark categories during fishing period I, while during fishing period II, adult females and juvenile males had Bi values ,0.6. Adult females had a lower trophic position (TP) during fishing period I, which increased during fishing period II; the other categories showed similar TP values during both fishing periods (Table 3) .
D I S C U S S I O N
The minimum size (47 cm TL) of R. longurio recorded in this study was similar to the size at birth, which is reported to be between 30 and 37 cm TL (Compagno, 1984; Bizzarro et al., 2000; Márquez-Farias et al., 2005) . We found pregnant females, which have been previously reported for the Central Mexican Pacific (Nayarit coast) and upper Gulf of California (Pérez-Jiménez et al., 2005) . Therefore, the Mazatlan coast seems to be an important pupping area, similarly to the northern Gulf of California and Sonora coast, which also have been considered important pupping areas for the Mexican Pacific population of R. longurio (Bizzarro et al., 2000) .
The average size of sharks caught in this study corresponded to adult organisms (females: 96.2 cm TL, males: 88.7 cm TL), while juveniles and adults dominated the catches in Sinaloa (Márquez-Farias et al., 2005) . Some organisms had maximum sizes of 170 cm (TL), similar to those reported for Peru and Colombia (Franke & Acero, 1991) .
Castillo-Géniz (1990) and Márquez-Farias et al. (2005) reported that trends in R. longurio landings from Sinaloa and the Gulf of California, Mexico indicate marked seasonal movement patterns, with R. longurio being a primary component of artisanal elasmobranch fisheries during winter and spring (Kato & Hernandez, 1967; Márquez-Farias et al., 2005) . Despite the low number of organisms sampled in this study (n ¼ 98), sharks were caught in December and February (winter) during both fishing periods, which coincides with that reported by these authors.
The presence of empty stomachs (35 of 98 stomachs), and the high number of stomachs included in stomach fullness category 1 (,25% full) may be related to two factors: (1) the type of fishing gear used and (2) prey digestion state. In Mazatlan, R. longurio is caught using gillnets and longlines; these two gear types cause high stress in shark species at the time of capture, resulting in regurgitation of stomach contents, which may explain the high number of empty stomachs. However, although this behaviour has been observed in other species (e.g. S. lewini, Torres-Rojas et al., 2009), the occurrence of different categories of stomach fullness leads us to take into consideration the digestion state of prey species.
It has been reported that some shark species do not feed again until they have digested the last prey they ingested; this has been seen in Negaprion brevirostris (Poey, 1868), Squalus acanthias (Linnaeus, 1758) and Carcharhinus plumbeus (Nardo, 1827) (Jones & Geen, 1977; Medved et al., 1988; Cortés & Gruber, 1990) . We found that cephalopods were mostly at an advanced level of digestion, which is explained by the fact that the soft tissue of squid has been 190  191  192  193  194  195  196  197  198  199  200  201  202  203  204  205  206  207  208  209  210  211  212  213  214  215  216  217  218  219  220  221  222  223  224  225  226  227  228  229  230  231  232  233  234  235  236  237  238  239  240  241  242  243  244  245  246  247  248  249  250  251  252 estimated to pass through the digestive tract over a period of 5-10 h (Olson & Boggs, 1986) . Tricas (1979) made prey digestion tests in Prionace glauca (Linnaeus, 1758), and he observed that after 24 h of consuming a fish, only vertebrae, otoliths and small sections of muscle remained. Moreover, Preti et al. (2001) classified the digestion states of prey species of Alopias vulpinus (Bonnaterra, 1788), finding that prey species were in an advanced digestion state due to the effective time of the fishing haul, which lasted more than 10 h.
In this study, prey were at intermediate or advanced digestion states. Considering that stomachs were collected at dawn, once the artisanal boats picked up the gear left overnight at sea (about 10 h) (Torres Rojas et al., 2009), there should have been sufficient time for the gastric juices of the shark stomachs to act. Therefore it can be inferred that prey in digestion states 3 and 4 were consumed by R. longurio at least one day before the sharks were captured, demonstrating that this shark has a high feeding activity at a certain time of day (probably overnight).
Fishes were the most important prey in terms of abundance and richness, followed by cephalopods and crustaceans. Castillo-Géniz (1990) and Márquez-Farías et al. (2005) mentioned that the diet of this shark species is dominated by teleosts and includes some cephalopods and crustaceans. It has also been observed that another species of the same genus (Rhizoprionodon taylori Ogilby, 1915) in Australia has a diet consisting mainly of fishes (Salini et al., 1998) .
The fishes consumed by R. longurio were benthic (e.g. E. brunneus) and coastal pelagic species (e.g. O. dovii) ( Table 2 ), implying that R. longurio probably makes vertical migrations in the water column. It has been observed that R. longurio can feed on benthic prey, such as members of the Ophichthidae family, as well as on pelagic prey belonging to the Carangidae family over sandy bottoms (less than 27 m depth) in the Mazatlan area (Manjarrez-Acosta et al., 1983; Castillo-Géniz (1992) . It should be noted that we found sand in some stomachs, which gives support to the finding that R. longurio feed on benthic prey. 253  254  255  256  257  258  259  260  261  262  263  264  265  266  267  268  269  270  271  272  273  274  275  276  277  278  279  280  281  282  283  284  285  286  287  288  289  290  291  292  293  294  295  296  297  298  299  300  301  302  303  304  305  306  307  308  309  310  311  312  313  314  315 diet of rhizoprionodon longurio in mexico
Other species from the same genus such as R. taylori also feed on pelagic fishes of the Clupeidae, Teraponidae and Engraulidae families (Salini et al., 1998; Simpfendorfer, 1998) . We can conclude that R. longurio has a preference for benthic habitats, where it consumes fishes such as E. brunneus, but can also migrate to the pelagic zone and consume pelagic prey, such as O. dovii.
There were no differences in the diet between sexes and sizes; however, the importance of prey (%IRI) varied in the diet. During fishing period II (Figure 3 ), E. brunneus and Decapterus spp. were found in all adults, but adult females consumed a higher amount of the benthic species E. brunneus (Froese & Pauly, 2011) , while males consumed a higher amount of the epipelagic fish Decapterus spp. (which has a depth range of 30 -70 m; Froese & Pauly, 2011) . Juvenile male sharks consumed mostly the benthic species Achirus mazatlanus (which has a depth range of 1-20 m; Froese & Pauly, 2011) , while juvenile females consumed mostly the epipelagic species O. dovii (which has a depth range of 0-50 m; Froese & Pauly, 2011) . These results coincide with the report of segregation between sexes and sizes in the area (Castillo-Géniz, 1990) .
Previous studies have reported changes in diet depending on sex and maturity stage (Klimley, 1983; Galván-Magaña et al., 1989) . Lowe et al. (1996) noted a change in diet with growth in Galeocerdo cuvier (Péron & Lesueur, 1822) due to several factors: (a) larger sharks may feed on large prey, because they have access to different habitats, (b) sharks at different stages of development occupy different areas and are segregated by size and sex and (c) as shark size increases, the prey capture efficiency increases, as the senses are fully developed, and sharks are able to capture larger and faster prey.
Although we did not find significant differences in diet composition (ANOSIM), the importance of prey species from different habitats differed among sexes and sizes, which could indicate dietary changes based on maturity stage, with adult females and juvenile males feeding in the benthic zone (higher consumption of E. brunneus and A. mazatlanus respectively), and adult males and juvenile females feeding in epipelagic areas (Decapterus spp. and O. dovii, respectively).
The differences found in the feeding habits of R. longurio between fishing periods are probably associated to preypredator relationships (Wootton, 1990; Abrams, 2000) . In this study R. longurio fed mainly on highly migratory prey (e.g. Opisthopterus dovii, Scomber japonicus). Simpfendorfer et al. (2001) reported that the diet of tiger sharks (Galeocerdo cuvier) is associated with the spatial distribution of their prey. Results obtained in this study indicate that differences found could be attributed to variations in the population dynamics of prey, keeping in mind that the seasonal relative abundance of prey is determined by competition, predation, reproduction and environmental variables (Krebs, 1985; Abrams, 2000) .
Temporal changes in the diet of different shark species have been documented in different parts of the world, and have been attributed to feeding behaviour (Stillwell & Kohler, 1982; Cortés, 1997; Torres-Rojas et al., 2009) . In this study, some categories of R. longurio behaved as specialists, according to Levińs index (adult females and juvenile males during fishing period II). However, this specialist behaviour was not seen during both fishing periods; during fishing period II an opportunistic behaviour was evident.
The specialist behaviour of R. longurio could be due to this shark feeding on species that form large schools (e.g., O. dovii), which results in large amounts of this species being found in the shark stomachs, and a low value of Levińs index. However, high diversity values were observed for all shark categories, even the ones with a specialist behaviour (Table 3 ), indicating that sharks consumed different kinds of prey during both fishing periods. The feeding behaviour of R. longurio has been previously classified as opportunistic (Márquez-Farias et al., 2005) . We compared two indices (Levińs and Shannon's), which indicated that R. longurio is an opportunistic predator, as was reported by Márquez-Farias et al. (2005) .
Most sharks are apex predators that occupy tertiary trophic positions (TP) (Cortés, 1999) . The trophic positions estimated in this study (Table 3) agree well with values reported by Cortés (1999) for R. longurio (TP ¼ 4.2), so this shark may be considered a tertiary carnivore. One of the limitations of stomach content analysis is that it only represents the last meal, and often small prey species from low trophic positions are not detected. In this study, however, we found similar trophic positions to those reported by other authors.
We observed higher TP values for females than males during fishing period II (Table 3) , due to females having consumed prey at higher trophic positions during this period. Females consumed a higher biomass of E. brunneus and O. dovii, which have a TP of 4.2 (Froese & Pauly, 2011) . Males consumed prey at lower trophic levels, such as Achirus mazatlanus (TP ¼ 3.2; Froese & Pauly, 2011) and Decapterus spp. (TP ¼ 3.4; Froese & Pauly, 2011) , which resulted in the trophic differences observed between the two sexes. The TP obtained for R. longurio was high (.4). Pauly (1998) suggested that the high trophic positions of sharks mean that the overall yield from fisheries should be low and not sustainable at high exploitation levels. Therefore, recent attempts to regulate fisheries in Central America should greatly improve the conservation of R. longurio.
The preference of R. longurio for prey with coastal distributions, along with high exploitation of this species by artisanal fisheries, could result in an unbalance of the ecosystem, as has happened in the Mediterranean Sea, where sharks in coastal areas have decreased (Ferretti et al., 2008) , contrary to what has happened with species of oceanic habitats (e.g. Sphyrna zygaena). The decline of R. longurio could induce increases in midlevel consumers, shifts in species interactions, and trophic cascades (Estes et al., 1998; Pace et al., 1999; Worm & Myers, 2003; Frank et al., 2005) , because predators with high TP such as R. longurio can play an important role in structuring communities by controlling prey populations and preventing ecological dominance (Paine, 1984; Heithaus et al., 2008) .
The loss of a predator such as R. longurio could cause an unbalance in the Mexican Pacific, as has been seen for other shark species in the Gulf of Mexico (Baum & Myers, 2004; Shepherd & Myers, 2005) , in the coastal northwestern Atlantic and possibly the Caribbean (Bascompte et al., 2005; Myers et al., 2007) .
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